PCS: A Critical Piece of the Communications Puzzle

Chart 10

PCS Basic Trading Areas—BTAs
As defined by Rand McNally's Commercial Allas & Marketing Guide
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Table 4

Demographic Data on the 51 Major Trading Areas

Total Households Avg. HH Pop. Square

MTA MTA Name 1980 POPs Households >$50K Inc. Income Density Miles
1 New York 26,410,597 9,770,700 2,920,191 34,216 421 62,661
2 Los Angeles-San Diego 19,145,232 6,701,500 1,984,834 33,142 159 120,345
3 Chicago 12,069,703 4,415,000 1,092,585 31,778 265 45 467
4 San Francisco-Oakland-San Jose 11,891,177 4,405,900 1,306,719 33,828 81 146,164
5 Detroit 10,001,009 3,685,900 727,430 29,017 202 49,479
8 Charlotte-Greensboro-Greenville-Raleigh 9,752,317 3,678,700 502,705 23,938 133 73,076
7 Dallas-Fort Worth 9,694,157 3,630,900 666,499 25,852 45 215,618
8 Boston-Providence 9,452,712 3,562,700 929,991 32,181 187 50,625
9 Philadelphia 8,927,748 3,315,000 828,325 31,521 451 19,784
10 Washington-Baltimore 7.777,875 4,155,100 1.516,229 39,849 330 23,584
11 Atlanta 6,942,084 2,588,200 501,408 26,901 119 58,116
12 Minneapolis-St. Paul 5,986,039 2,268,300 403,638 27,296 28 216,471
13 Tampa-St. Petersburg-Oriando 5,417,788 2,261,000 397,214 25,087 321 16,904
14 Houston 5,190,849 1,879,000 388,705 28,693 130 39,789
15 Miami-Fort Lauderdale ' 5,138,581 2,077,900 481,240 27,976 367 14,010
16 Cleveland 4,945,749 1,870,700 334,045 27,991 385 12,839
17 New Orleans-Baton Rouge 4,925,269 1,763,300 280,278 23,996 106 46,634
18 Cincinnati-Dayton 4,716,665 1,773,200 280,738 25,644 153 30,818
19 St. Louis 4,663,926 1,778,700 308,995 26,014 78 59,991
20 Milwaukee 4,541,432 1,701,900 311,900 28,790 91 49,906
21 Pittsburgh 4,102,766 1,587,900 232,413 25,385 179 22,890
22 Denver 3,880,637 1,509,200 294,626 28,301 17 222,349
23 Richmond-Norfolk 3,846,210 1,442,100 257,380 27,040 137 28,104
24 Seattle 3,827,175 1,693,100 426,805 31,493 - -
25 Puerto Rico - U.S Virgin Islands 3,623,846 - - - - -
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Table 4
Demographic Data on the 51 Major Trading Areas continued
Total Households Avg. HH Pop. Square
MTA MTA Name 1990 POPs Households >$50K Inc. income Density Miles
26 Louisville-Lexington-Evansville 3,556,648 1,347,400 169,766 22,369 91 38,976
27 Phoenix 3,510,140 1,343,300 232,252 25,871 as 93,498
28 Memphis-Jackson 3,465,226 1,248,800 161,969 20,870 64 54,070
29 Birmingham 3,244,076 1,221,100 161,708 22,079 83 38,964
30 Portland 3,059,948 1,195,300 189,184 26,060 38 81,237
31 indianapolis 3,017,475 1,144,300 178,864 25,956 140 21,597
32 Des Moines-Quad Cities 3,006,139 1,147,000 168,921 25,625 52 57,545
33 San Antonio 2,986,524 976,200 123,087 21,124 65 45,953
34 Kansas City 2,913,304 1,125,200 205,435 26,635 69 42,212
35 Buffalo-Rochester 2,777,046 1,050,100 206,110 28,796 201 13,839
36 Salt Lake City 2,573,372 844 300 128,927 26,223 16 159,516
37 Jacksonville 2,274,960 862,200 146,146 23,908 79 28,880
38 Columbus 2,145,561 812,200 122,347 25,308 163 13,174
39 E| Paso-Albuquerque 2,113,780 728,500 95,280 21,893 15 143,392
40 Little Rock 2,051,667 787,000 92,378 21,020 47 43,949
41 Okiahoma City 1,877,478 714,100 79,703 21,336 44 42,674
42 Spokane-Billings 1,863,335 709,900 99,182 24,322 9 210,848
43 Nashville 1,767,391 672,400 114,052 25,488 98 18,080
44 Knoxvilte 1,721,911 665,700 86,018 22,259 115 14,935
45 Omahs - 1,659,273 634,300 103,467 25,788 24 68,326
46 Wichita 1,124,174 433,500 69,948 26,028 19 58,873
47 Honolulu 1,108,229 360,000 115,393 35,254 173 6,413
48 Tulsa 1,096,396 427,000 52,321 22,342 76 14,521
49 Alaska 550,043 - - - - -
50 Guam - Northern Mariano islands 176,000 - - - - -
51 American Samoa 47,000 - - - - -
Totals (Average for HH Income) 252,556,649 93,965,700 26,861 2,937,112
rig
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Table 5
Designated Entity Bidding Credits, instaliment Payments and Tax Benefits

Bidding instaliment Tax Cortificates
Type of Designated Entity Credit Payments For Investors
Entrepreneurial Business 0% Interest only for 1 year, rate equal to No
($40 MM - $125 MM in revenue 10-year Treasury note plus 2.5%;
and <3$500 in total assets) (for businesses with revenues greater

$75 MM, available only in top 50 mkis.)

Small Business 10% intersst only for 2 years; rate equal to Yes
(<$40 MM in revenues) 10-year Treasury note plus 2.5%
Business Owned by Minorities and/or Women 15% Interest only for 3 years; rate equal to Yes
($40 - $125 MM in revenues) 10-year Treasury note
Small Business Owned by Minorities and/or Women 5% interest ondy for 5 years; rate equal o Yes
(<$40 MM in revenues) 10-year Treasury note
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disaggregated in the future, which could stimulate
the secondary market in spectrum to which we al-
luded before.

e [t created a class of applicants known as Desig-
nated Entities and set aside frequency blocks C
and F for the DEs. These are called the Entrepre-
neurs’ Blocks. Table § outlines the four categories
of DEs and the bidding credits, installment payment
plans, and tax certificates to which they are entitled.
Elaborate eligibility guidelines covering the size of
the firms and their ownership are set forth in order
to prevent abuse of the privileges offered to DEs.
The Entrepreneurs’ Blocks were created to fulfill
the Congressional mandate of providing opportuni-
ties for small businesses, women- and minority-
owned firms, and rural telephone companies.

o It groups the A and B blocks into one auction,
the C and F blocks into a second auction, and the
D and E blocks into a third auction. Recent reports
indicate that the FCC has restructured this initial
arrangement, and will auction the C block by itself.
It is considering grouping the F block with the D
and E auction, since they are all 10 MHz, or possi-
bly auctioning the F block by itself. The rationale
behind the groupings is to offer similar licenses si-
multaneously, so that information from the bids in
on one license can be used in others. Also, by put-
ting the C and F auction after the A and B auction,
it allows Designated Entities to seek partnerships
with unsuccessful bidders from the first round.

o [t specifies that simultaneous, multiple-round
auctions will be used to award the licenses. An
overriding goal of the FCC is to put the license in
the hands of the entity that values it the most,
thereby generating the most revenue for the govern-
ment and leaving little, if anything on the table for
speculators. The FCC reasoned that the value of a
given license is interdependent with that of other
licenses that may be aggregated. Sequential auctions
(one license at a time) were rejected as ineffective in
allowing aggregation of interdependent licenses by
those that would value them most. A simultaneous
stopping rule was adopted to determine the end of
the auction. For practical purposes, this means that
all of the licenses to be auctioned at a given time
(e.g., A and B) will be available for bidding, until
no more bids are received on any of the blocks.

Since this could lead to very long auctions, bidding
activity rules and minimum bidding increments were
established.

" There are more rules on applications, down pay-

ments, number of rounds, penalties for withdrawal
of bids, and so on, but these four points cover the
most important issues. Table 6 shows the current
top bidders for the A and B block licenses. The re-
sults to date from the first auction, which through

‘round 76 has generated $5.5 billion in revenue (not

including another $500 million or so from Pioneers’
Preference winners), seem to indicate that the FCC
rules have worked to encourage high bidding.

Two (and possibly three if the F block is auctioned
alone) more auctions remain, with the C block auc-
tion due to start on April 17, 1995. As of this
writing, a list of applicants is not available. These
will not be household names as in the first auction,
but rather smaller, privately held entrepreneurial
firms. Look for losers in the MTA auction to team
up as deep-pocketed financial partners with DEs. In
the third auction for the 10 MHz blocks, anticipate
cellular carriers bidding in-region to augment their
25 MHz of cellular spectrum and MTA winners
doing the same.

The Bulid-Out of a PCS Network

Once a company has acquired PCS spectrum, it
must build a network of cell sites and transmission
equipment to link the sites to switches, which in
turn, must be linked to the public switched tele-
phone network. Savvy companies have been
scouting cell-site locations since well before the
auctions began. Radio frequency planning has been
conducted to determine how many cells are needed
and where they should optimally be located. Backup
locations have been identified. Radio frequency en-
gineers are being retained, as this talent will be in
short supply with everyone trying to set up their
networks at the same time.

An important issue is that of microwave relocation.
The bands of spectrum being auctioned are cur-
rently being used for point-to-point microwave
links. These incumbents must be relocated, at the
PCS winners’ expense. We have seen figures indi-
cating that each link could cost up to $100,000 to
relocate. So depending on how many links are in a
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Table 6
High Bidders for MTA Bilocks: Round 76, February 15, 1995
Price
Market Freq Round Bid Amount  Per POP Name
M001 New York B 74 442,712,000 16.76 WirelessCo, L.P.
M002 Los Angeles B 76 367,500,000 19.20 Pacific Telesis Mobile Service
M003 Chicago A 75 372,750,000 30.88 AT&T Wireless PCS Inc.
M003 Chicago B 76 355,573,362 20.46 WirelessCo, L.P.
M004 San Francisco A 75 130,000,000 10.93 ALAACR Communicstions, Inc.
M004 San Francisco 8 33 132,000,843 11.10 Pacific Telesis Mobile Service
M005 Detroit A 36 81,177,000 8.12 ATS&T Wireless PCS Inc.
M00S Detroit 8 44 78,101,277 7.81 WirelessCo, L.P.
M006 Charlotte A 39 66,616,000 6.83 ATA&T Wireless PCS Inc.
MO06 Charlofte B 41 70,807,001 7.27 BeliSouth Personal Communicati
M007 Dallas-Fort Worth A 74 68,489,000 7.06 WirelessCo, L.P.
M007 Dallas-Fort Worth B 69 68,601,000 7.08 PCS PRIMECO, L.P.
M0O0O8 Boston A 50 121,660,000 12.87 ATS&T Wireless PCS Inc.
M008 Boston B 57 127,085,892 13.44 WirelessCo, L.P.
M009 Philadelphia A 36 80,951,000 9.07 ATAT Wireless PCS Inc.
MO09 Philadelphia B 37 84,895,012 9.52 PhiliieCo, L.P.
M010 Washington D.C. B 76 201,686,333 25.83 American Portable Telecommunic
MO011 Atlanta A 76 140,698,483 20.27 GTE Macro Communications Corpo
M011 Atianta B 75 137,795,000 19.85 ATA&T Wireless PCS Inc.
MD12 Minneapolis A 76 30,586,333 5.11 American Portable Telecommunic
M012 Minneapolis B 75 29,365,000 491 Continental Cablevision, Inc.
M013 Tampa A 56 81,420,000 15.03 PCS PRIMECO, L.P.
M013 Tampa B 65 80,554,852 14.87 WirelessCo, L.P.
MO14 Houston A 76 75,832,536 14.63 PCS PRIMECO, L.P.
M014 Houston B8 75 74,991,000 14.45 WirelessCo, L.P.
MO15 Miami A 71 103,201,135 20.09 PCS PRIMECO, L.P.
MO015 Miami B 71 108,255,000 21.08 WirelessCo, L.P.
M016 Cieveland A 70 77,158,000 156.60 Ameritech Wireless Communicati
M016 Cleveland B 71 77,896,000 16.75 ATAT Wireless PCS Inc.
MO17 New Orieans A 69 69,859,000 14.20 WirelessCo, L.P.
M017 New Orieans B 68 71,795,007 14.58 PCS PRIMECO, L.P.
M018 Cincinnati A 76 29,795,002 8.32 GTE Macro Communications Corpo
M018 Cincinnati B 75 28,915,000 6.13 ATA&T Wireless PCS Inc.
M019 St. Louis A 76 69,479,000 14.90 WirelessCo, L.P.
M019 St. Louis B 76 66,541,872 14.27 PCS PRIMECO, L.P.
M020 Milwaukee A 76 37,065,000 8.16 WirelessCo, L.P.
M020 Milwaukee B 76 38,958,000 8.58 WirelessCo, L.P.
M021 Pittsburgh A 74 19,175,367 4687 American Portable Telecornmmunic
M021 Pittsburgh B 76 20,163,001 491 CCI Data, Inc.
M022 Denver A 67 26,750,483 6.89 GTE Macro Communications Corpo
M022 Denver B 49 27,478,023 7.08 WirelessCo, L.P.
M023 Richmond A 58 33,652,000 875 AT&T Wireless PCS Inc.
M023 Richmond 8 52 33,045,045 8.59 PCS PRIMECO, L.P.
M024 Seattie A 76 62,155,030 16.24 Western PCS Corporation
M024 Seattle B 75 61,442,000 = 16.05 WirelessCo, L.P.
M025 Puerto Rico A 45 56,899,000 156.70 ATA&T Wireless PCS Inc.
M025 Puerto Rico B 47 54,672,000 15.08 Centennial Cellular Corp.
M026 Louisville A 69 20,424,000 574 ATAT Wireless PCS Inc.
M026 Louisville B 68 21,335,000 6.00 WirelessCo, L.P.
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Table 6

e ——————

M027
M027
M028
M028
Mo28
M0298
MO30
MO30
MO31
MO31
MO032
M032
MO33
MO033
M034
M034
MO35
MO35
MO36
MO36
MO037
M037
M038
M038
MO39
MO39
MO040
MO040
MO041
MO041
M042
MO42
MO43
MO43
M044
MO044
MO045
MO45
MO46
MO46
MO47
MO047
M048
MO48
MO04S
MO49
MOS0
MOS0
MO051
MO51

High Bidders for MTA Blocks: Round 76, February 15, 1985 continued
Price

Market Freq _Round Bid Amount Per POP Name
Phoenix A 74 50,500,002 14.39 GTE Macro Communications Corpo
Phoenix B 76 53,022,000 15.11 ATAT Wireless PCS Inc.
Memphis A 76 20,216,005 8.43 Southwestern Bell Mobile Syste
Memphis B 75 27,563,000 7.95 PCS PRIMECO, L.P.
Birmingham A 76 27,891,001 8.60 Powertel PCS Pariners, L.P.
Birmingham B 76 26,325,000 8.11 AT&T Wireless PCS inc.
Portiand A 76 19,796,030 6.47 Waestern PCS Corporation
Portland B 76 19,957,000 6.52 WirelessCo, L.P.
indianapolis A 75 60,822,000 20.16 WirelessCo, L.P.
indianapolis B 76 63,970,538 21.20 PCS PRIMECO, L.P.
Des Moines A 41 9,242,020 3.07 Westem PCS Corporation
Des Moines B 4?2 10,373,985 3.45 WirelessCo, L.P.
San Antonio A 76 31,801,001 10.65 CCI Data, Inc.
San Antonio B 74 31,826,628 10.66 PCS PRIMECO, L.P.
Kansas City A 73 12,022,888 4.13 American Portable Telecommunic
Kansas City B 76 12,053,000 4.14 WirelessCo, L.P.
Buffalo-Rochester A 76 16,302,000 5.87 WirelessCo, L.P.
Buffalo-Rochester B 73 15,472,000 5.57 PCS America Limited Partnershi
Sait Lake City A 76 24,280,030 9.44 Western PCS Corporation
Salt Lake City B 74 22,200,483 8.63 GTE Macro Communications Corpo
Jacksonville A 70 28,589,000 12.57 Powertel PCS Partners, L.P.
Jacksonville B 72 28,601,500 12.57 PCS PRIMECO, L.P.
Columbus A 76 16,631,000 7.75 WirelessCo, L.P.
Columbus B 75 16,546,000 7.71 AT&T Wireless PCS Inc.
El Paso-Albuquerque A 38 5,558,020 2.63 Western PCS Corporation
El Paso-Albuquerque B 36 §,073,155 2.40 ATA&T Wireless PCS Inc.
Little Rock A 65 6,552,892 3.19 WirelessCo, L.P.
Little Rock B 55 8,000,000 3.90 Scuthwestsrn Bell Mobile Syste
Okiahoma City A . 89 7,181,020 3.82 Western PCS Corporation
Oklahoma City B 65 5,944,921 3.17 WirelessCo, L.P.
Spokane-Billings A 50 5,688,000 3.05 Poka Lambro Telephone Cooperat
Spokane-Billings B 51 5,073,001 2.72 WirslessCo, L.P.
Nashville A 76 12,829,000 7.26 ATA&T Wireless PCS inc.
Nashville B 75 12,388,000 7.01 WirelessCo, L.P.
Knoxville A 65 8,553,000 4.97 ATAT Wireless PCS Inc.
Knoxville B 56 10,083,000 5.86 BellSouth Personal Communicati
Omabha A 65 4,647,000 2.80 ATA&T Wireless PCS Inc.
Omaha B 66 3,560,000 2.15 Cox Cable Communications, inc.
Wichita A 65 4,383,000 3.91 ATA&T Wireless PCS Inc.
Wichita B 27 4,901,343 4.36 WirelessCo, L.P.
Honolulu A 76 8,749,333 8.80 American Portable Telecommunic
Honolulu B 75 9,924,000 8.95 ATAT Wireless PCS Inc.
Tulsa A 68 11,319,102 10.32 WirelessCo, L.P.
Tulsa B 66 11,029,788 10.06 Southwestern Bell Mobile Syste
Alaska A 69 826,000 1.50 GCi Communication Corp.
Alaska B 65 1,265,000 2.30 Poka Lambro Telephone Cooperat
Guam A 67 107,000 0.61 Poka Lambro Telephone Cooperat
Guam B 65 88,000 0.50 Poka Lambro Telephone Cooperat
American Samoa A 76 185,001 3.94 Communications International C
American Samoa B 71 172,000 3.66 American Portable Telecommunic

5,528,463,717 $ 9.64 = Avg Forentire US
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band, and whether the service the PCS winner plans
to provide can coexist with these links, relocation
can be expensive and time-consuming.

Much of a build-out plan is driven by the services
the carrier plans to offer. If the plan is me-too cellu-
lar, outdoor macro-cells are called for. Plots of land
and tower construction are needed. If the intention
of the spectrum owner is local loop-type service, the
build-out plan must integrate outdoor and indoor
micro-cells. For these, cabinet-sized spaces within
buildings and at street level need to be secured. Re-
gardless of the offering, a lot of capital must be

" invested in infrastructure before the first customer
can be signed onto the system. The practical impli-
cation of this is that operators will try to
coordinate the rollout of service with the building
of the network.

An example will help illustrate the point. Say an
operator wins the New York MTA. It will study the
market potential for its service on a block-by-block-
basis. The demographic characteristics of the Upper
East Side, a wealthy neighborhood, will lead them
to conclude that many potential customers can af-
ford a new wireless service. The above-average
level of education will point toward a propensity to
try new, innovative products. The density of the
population (lots of high-rise apartment buildings)
indicates that service can be initiated without too
many cells. Additional cells can be added as demand
dictates. Therefore, capital investment can be tar-
geted at the areas most likely to generate substantial
revenue in the shortest possible time. In this manner,
capital expenditure can be more closely matched to
the cash flow, increasing the net present value of the
business.

An option that some companies, particularly DEs,
may choose, is to outsource their build-out entirely
by leasing capacity on another company’s network.
AT&T Network Systems (AT&T'’s equipment arm,
not its wireless service division) and Cable &
Wireless have come together in a venture called
North American Wireless to provide just this type of
service. Many of the local exchange carriers have
set up marketing efforts to sell network services to
PCS providers. Bell Atlantic, for example, is willing
to provide everything from soup to nuts to a spec-
trum holder to get its business up and running. The

licensee can do as little or as much as it wants, and
purchase the rest of its requirements from Bell At-
lantic. Six of the RBOCs and GTE have formed a
marketing support group called Unibridge, to pro-
vide what is basically a referral service for PCS
players seeking operational support and network
services from the LECs.

What is imperative for all players is speed, no
matter what service they plan to offer or what
technology they plan to use. Getting to market first
with a new service can give a great advantage over
competitors, perhaps preempting them from even
trying. With so much capital invested in spectrum
and build-out, the loading of customers quickly is
crucial to recouping the investment. Until an opera-
tion reaches cash flow break-even penetration
levels, additional investment in the form of operat-
ing losses is to be expected. The faster one can
reach break-even, the better chance one has of sur-
viving. Make no mistake, there will be plenty of
crash-and-burn situations in PCS. Firms that over-
estimate demand or their marketing prowess may
find themselves unable to reach break-even levels,
burn through their equity, and go bankrupt.

Technology Choices: GSM Versus COMA

One of the most important decisions for a PCS op-
erator is which technology standard to use in the
build-out. Standards are important in allowing in-
teroperability among different wireless systems.
Interoperability allows a customer to roam through-
out various operators’ systems using the same
telephone handset. An analogy would be the ability
to use a DOS program on any IBM-compatible
computer. If one tried that program on an Apple
computer, it would not work.

The two main rivals for digital wireless standards
are the Global System for Mobile Communications
(GSM) and Code Division Multiple Access
(CDMA). The debate between the merits of these
two could fill a entire report with techno-speak, so
we will crystallize it into the salient points. The
benefit of GSM is that it is the standard already
employed in most of the countries outside the United
States for digital cellular (800-900 MHz), particu-
larly in western Europe. GSM has proven itself to -
be a very capable standard. Equipment manufactur-
ers are producing handsets and infrastructure
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equipment in quantity, an important requirement for
getting to market rapidly. While GSM technology
can conceivably be engineered to provide three
times as much capacity as current analog cellular,
this pales compared with the 10-20 times capacity
envisioned with CDMA. (These are the theoretical
capabilities of the two. In practice, European GSM
operates at more like one times analog capacity,
while CDMA may be in the 5 times analog range
when initially rolled out.). However, there are no
commercial CDMA systems operating anywhere in
the world today.

The dilemma for operators becomes: Do | install
GSM because it exists now, and because being first
to market with an operating system is important to
success; or do I hold out for CDMA, with its prom-
ise of increased capacity, but also the risk that it has
not been proven in commercial operation and that
the equipment may not be available in quantity? It is
a very tough call, because once GSM is installed, it
1s difficult to switch to CDMA. If GSM is installed,
and CDMA proves to be the better standard, the
operator is stuck with a lower-capacity system. If
CDMA does not pan out for several years, GSM
adopters may have the jump in time to market.

The debate between the chief proponents, Ericsson
for GSM and Qualcomm for CDMA, has taken on
the tenor of a religious war. Each published techni-
cal “white papers” touting the benefits of its system
over the other. For investors, it is too early in the
debate to make a call about which will succeed. We
do not recommend making an investment decision
based on which companies employ which standard.

A Financial Perspective on PCS

The question we raised at the beginning of this re-
port was: What makes the spectrum so valuable to
PCS bidders? Our discussion of the rapid demand
growth points up the multibillion dollar revenue
potential. However, the enthusiasm must be tem-
pered with a reasoned consideration of the
difficulties in making PCS a viable business. The
cost of acquiring customers and building the net-
work must be weighed against the revenue potential.
In the following section, we try to bring together
these two forces to draw a conclusion about the
worth of spectrum.

Cellular as & Starting Point for Thinking

About the Vaiue of PCS

Increasing wireless demand is a great thing to have,
but it is no guarantee that PCS will be a gold mine.
There is more to the picture. A few basic questions
that come to mind are: What can be charged for the
service, and how much does it cost to provide serv-
ice? If it is too costly to provide the service, then it
may not be as great a value as the volume growth
seems to signal.

The cellular industry is an obvious place to find a
touchstone with the value of wireless communica-
tions enterprises. The marketing and providing of
PCS service should parallel those of cellular in
many ways. In Table 7, we show our cellular indus-
try valuation model. It is a detailed bottom-up
methodology that estimates free cash flows and cal-
culates their net present value. We will not discuss
the model line by line, as it is fairly self-
explanatory. However, a brief overview of the key
inputs and outputs is called for.

The four main drivers of the free cash flow forecast
are penetration rate, average revenue per user, op-
erating cash flow margin, and capital expenditures.
In the year 2004, we estimate that penetration will
be 32%, average revenue per user will be $47, and
operating cash flow margins will be 42%. We be-
lieve that average minutes of use will double as the
cost per minute declines. In ten years, we figure that
a minute of use will cost $0.19, which is 70% less
in real terms than it is today. After 2000, we think
that operating cash flow margins will decline into
the low-40% range as the effects of competition are
felt. It is our thesis that in ten years, a minute of
airtime will be standardized and commoditized, and
extra margin will be given to the consumer as carri-
ers seck market share and the resulting economies of
scale.

We believe that the business will be very competi-
tive as new providers and technologies come on line.
The competition will force cellular carriers to keep
marketing expenses per gross subscriber addition
fairly high, as the battle for customer attention in
the distribution channels gets intense. Another im-
portant impact of competition, which we attempt to
model, is that capital expenditures will stay around
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Table 7
Cellular industry Free Cash Flow Model
$ in miftions
1991 1992 1993 1994 1985 E 1996 E 1997 E
{Subscriber Growth
Gross Subscriber Growth (%) 69.4% 70.6% 69.1% 69.6% 64.2% 48.0% 37.4%
Monthly chum rate 2.2% 2.1% 20% 1.8% 1.8% 1.8% 1.7%
Disconnects as % of previous period 26.4% 24.6% 24.0% 21.6% 21.6% 21.0% 20.4%
Gross Subscriber Additions 3,688,820 5334663 7,624,589 11,145506 15207423 16,229,832 16,052,313
Number of disconnects 1,394,727 1858058 2,647,881 3458044 5118535 7,095020 6,755,807
Net Subscriber Additions 2274093 JAT5605 4,976,708 7,687,462 10,080,888 5,134812 7,296,506
Growth in Net Adds 28% 53% 3% 54% 31% 9% 20%
Total Subscribers 7,557,148 11,032,753 16,009,461 23,696,923 33,785811 42,920,623 50,217,129
Net Subscriber growth (%) 43.0% 46.0% 45.1% 48.0% 42.6% 27.0% 12.0%
US Population (000) 250.0 2525 255.0 257.6 260.2 262.8 265.4
implied penetration rate (%) 3.02% 4.37% 8.28% 9.20% 12.80% 16.34% 18.92%
Incrementa! Penetration 1.35% 1.81% 292% 3.79% 3.35% 2.59%
{Revenue Composition
Base Monthly Rate (w/30 mins) $32 $32 $32 $31 $29 $28 $26
Average Revenue Per Min (>30) $0.40 $0.38 $0.37 $0.34 $0.31 $0.28 $0.26
Average Minutes Per Month 137 132 126 130 139 149 159
% subs using vertical svcs 6% 8% 10% 13% 16% 19% 2%
Avg vent svc rev/mo by using subs $14 $13 $13 $12 $11 $11 $10
Average Revenue Per User (ARPU) $75.83 $71.83 $50.83 $88.62 $64.86 $63.57 $61.48
Change in ARPU 5.0% 4.2% 3.2% 2.9% 1.7% -3.
Avg Subscribers (000) 6,193 8,947 13,023 19,084 27,732 37,440 45,839
Other Revenues ($ millions) 73 107 152 223 304 325 321
Total Service Revenues (miis §) 5,709 7823 10,892 15,480 21,822 28,085 34,138
Change in Revenue(%) 25.5% 37.0% 39.2% 42.1% 41.0% 32.4% 18.2%
Memo: Cents Per Minute $ 055 8§ 054 $ 055 § 051 § 046 § 043 § 0.39
{Cost of Service |
interconnect 305 412 556 815 1,229 1,723 2,189
Cos! per minute of use $ 0030 $§ 0029 § 0028 $§ 0027 § 0027 $§ 0026 $ 0025
Operating direct expenses 685 813 1,003 1,238 1,680 2,201 2,390
As % of revenue 11.85% 10.39% 921% 8.00% 7.70% 7.62% 7.00%
Total Costs of Services 970 1,225 1,559 2,054 200 3,924 4,579
As % of revenue 17.00% 15.66% 14.31% 13.27% 13.33% 13.58% 13.41%
Memo: Cents Per Minute $ 0108 003§ 008 § 007 § 006 § 006 $ 0.05
[Marheting & Seliing ]
Sales Commissions-Indirect 234 533 1,001 1,630 2,281 2,455 2,007
Percentage Indirect Sales 15% 25% 35% 45% 50% 55% 50%
Commission / indirect New Sub $425 $400 $375 $325 $300 $275 $250
Sales Commissions-Direct 2% 287 341 408 492 464 433
Percentage Direct Sales 85% 5% 65% 55% 50% 45% 50%
Commission / Direct New Sub $76 $72 $69 $67 $65 $64 $61
Other marketing expense 685 900 1,198 1,703 2,400 3177 3,584
As % of revenue 12.00% 11.50% 11.00%  11.00% 11.00% 11.00% 10.50%
Total Marketing & Selting 1,186 1,720 2,540 3,741 5173 6,006 6,084
As % of revenue 20.23% 21.98% 23.32% 24.17% 28.1% 21.11% 17.82%
Memo: Per Gross Add 315 § 23 s 333 § 33% § 340 § 376 § 379
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Cellular industry Free Cash Flow Model continued

Table 7

1998 E 1999 E
33.8% 30.2%
1.7% 1.6%
19.8% 192%
16,973,390 17,288,753
9,942,892 10,991,525
7,030,398 6,297,228
4% -10%
57,247,527 63,544,755
14.0% 11.0%

268.0 270.7
21.36% 234T%
2.44% 2.11%

$24 $22

$0.24 $0.21

170 182

25% 25%

$10 $9

$59.46 $57.23
-3.3% -3.7%
53,029 59,766

339 346

38,175 41,393
11.8% 84%

$ 035 § 0.31
2,628 3,075

$ 0024 § 0024

2,481 2,691
6.50% 6.50%

5,110 5,765
13.39% 13.93%

$ 005 $ 0.04

1,719 1,383

45% 40%

$225 $200

555 594

55% 60%

$59 $57

3817 4,139
10.00% 10.00%

6,091 6,116
15.96% 14.76%

$ 359 § 354

2000E

28.6%

1.6%

18.6%
18,173,800
11,819,324
6,354,475
1%
69,899,230
10.0%
2734

25.56%
2.09%

$21
$0.20
185
25%

$8
$54.96
4.0%
66,087
363
43,953
6.2%

$ 0.28

3,529

$ 0023
2,901
6.60%
6,430
14.63%

$ 004

1,381
38%
$200
619
62%
$55
4,615
10.50%
6,616
15.05%
$ 364

2001 E

21.0%
1.5%
18.0%
18,872,792
12,581,861
6,200,931
1%
76,190,161
9.0%
276.2
27.5%%
2.02%

§19
$0.18
209
25%
$8
$52.92
3.7%
72416
an
45,368
55%

$ 025 §

4,013

$ 0022 §

3,153
6.80%
7,166
15.45%

$ 004 §

1,255
38%
$175
619
62%
$53
5,101
11.00%
6,975
15.04%
$ 370 §

2002E

254%
1.5%
174%
19,352,301
13,257,088
6,085,213
-3%
82,205,374
8.0%
278.9
29.50%
1.91%

$18
$0.16
223
26%
$7
$51.05
-3.5%
78,628
387
48553
4.7%

023 §

4,523

0.021 §

3,399

7.00%

7921
16.31%

004 §

1,185
35%
$175
642
65%
$51
5,584
11.50%
7411
1526%
383 §

2003 E 2004 E
24 4% 225%
1.5% 1.4%
17.4% 162%
20,077,631 19,810,204
14,317,655 14,263,347
5759976 5,546,857
€% 4%
88,045350 93,592,207
7.0% 6.3%
281.7 284.5
31.25% 32.89%
1.75% 1.64%
$17 $15
$0.15 $0.13
239 256
27% 28%
$7 $7
$49.25 $47.53
-3.5% 3.5%
84,589 90,264
402 396
50,394 51877
3.8% 2.9%
021 § 0.19
5,050 5,593
0021 § 0020
3,654 3,891
7.25% 7.50%
8,703 9,484
1727% 18.28%
004 § 0.03
1,230 1,040
35% 30%
$175 $175
843 659
65% 70%
$49 $48
6,047 6,485
12.00% 12.50%
7920 8,184
15.72% 15.78%
394 § 413

CAGR
'94-'04

5.9%
152%
14.7%

1.0%

6.7%
8.9%
7.0%

$.3%
3.3%

16.8%

5.9%
129%
-9.6%
212%
-3.0%
12.1%
16.5%

6.8%

4.4%

6.0%
4.9%

3.3%
14.3%

8.1%

2.1%
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Table7 |
Cellular industry Free Cash Flow Model  contiua

199 1992 1993 1994 1995 E 1996 E 1997 E
{General & Administrative |
Customer care 3n 537 625 802 1,082 1,387 1,613
$ psr monthvsub $5.00 $5.00 $4.00 $3.50 $3.25 $3.09 $2.93
Bad debt expense 171 235 327 464 655 867 1,024
As a % of revenue 3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%
Bilting expense 297 429 547 802 1,048 1,274 1,404
$ per monttvsub $4.00 $4.00 $3.50 $3.50 $3.15 $2.64 $2.55
Other expenses 742 978 1,307 1,780 2,510 3177 3414
As a % of revenue 13.00% 12.50% 12.00% 11.50% 11.50% 11.00% 10.00%
Total GAA Expense 1,582 2178 2,908 3,048 5,204 6,705 7455
As a % of revenue 271.72% 27.85% 25.76% 24.86% 24.26% 23.21% 21.84%
[Net Equipment Subsidy ]
Equipment Revenues 917 1,200 1,525 2,006 2,737 2,840 2,568
$ per handset/gross add $ 250 $ 225 § 200 § 180 $ 180 § 175 § 160
Equipment Costs 1,182 1,680 2,287 3,008 4,106 4,260 3,853
As a % of revenue 130% 140% 150% 150% 150% 150% 150%
Total Equipment Subsidy V14 450 762 1,003 1,368 1,420 1,284
As a % of revenue 4.8% 6.1% 7.0% 6.5% 8.3% 4.9% 3.8%
Memo: Per Gross Add $ 7S %0 $ 100 $ 20 $ %0 § 88 § 80
[Depreciation & Cap Ex ]
Cap Ex per Net New Sub ($} $1,051 $745 $539 $525 $600 $675 $675
Cap Ex for repair, replacement, upgrad $0 0 0 175 228 317 785
Total Capital Expenditures 2,3% 2,591 2,684 4,211 8,282 6,483 5,710
Retirement of Plant & Equip 0 0 0 0 628 648 LYa
Total Capital Investment 8,672 11,262 13,946 18,158 23,811 29,646 34,785
Depreciation Expense 1,000 1,296 1,639 2,087 2,728 3475 4,027
(Accumulated Depreciation) 4,000 5,206 6,934 9,021 11,121 13,947 17,403
Net Capital investment 4,672 5,986 7,012 9,137 12,690 15,699 17,382
Depreciation Rate 13.0% 13.0% 13.0% 13.0% 13.0% 13.0% 12.5%
As % of revenue 17.5% 16.6% 15.0% 13.5% 12.5% 12.0% 11.8%
Growth In Capital Investment na 0% 24% 0% 31% 25% 17%
Growth in Subs na 46% 45% 48% 43% 2% 17%
Growth in MOU na 39% 3% 51% 55% 44% 31%
Memos:
Total Capital v per MimseofUse § 085 § 079 $ o7 $ 061 § 051 § 044 § 0.40
Capex per Incremental Minute na § 065 § 049 § 042 § 038 §$ 032 § 0.28
OPERATING INCOME _ 726 922 1,506 2,748 4,348 7,265 10,709
OPERATING CASH FLOW 1,726 2,218 3,225 4,835 7,076 10,740 14,736
TOT OP COSTS/AVG SUB $599 $573 $530 $505 $482 $447 $395
OPERATING MARGIN 12.7% 11.8% 14.6% 17.8% 19.9% 25.2% 31.4%
OPER CASH FLOW MARGIN 30.2% 28.4% 29.6% 31.2% 324% 37.2% 43.2%
36
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Table7
Cellular Industry Free Cash Flow Model continued
1998 E 1999 E 2000 E 2001 E 2002E 2003 E 2004 E
1,773 1,899 1,994 2,076 2,14 2,189 2219
$2.79 $2.65 $2.51 $2.39 $227 $2.16 $2.05
1,145 1242 1,319 1,391 1,457 1512 1,556
3.00% 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%
1,542 1,652 1,735 1,806 1,863 1,904 1,830
$2.42 $2.30 $2.19 $2.08 $1.97 $§1.88 $1.78
3817 4,139 4,395 4,637 4,855 5,039 5,188
10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00%
8278 8,931 9,443 9,910 10,316 10,644 10,893
21.69% 21.58% 21.48% 21.37% 21.25% 21.12% 21.00%
2,546 2,420 2,453 2,453 2419 2,409 23m
$ 150 $ 140 § 135 § 130 § 125 § 120 § 120
3819 3,631 3,680 3,680 3,629 3614 3,566
150% 150% 150% 150% 150% 150% 150%
1213 1,210 1,227 1,227 1,210 1,205 1,189
3.3% 2.9% 28% 26% 25% 24% 2.3%
$ 75 8 70 §$ 68 $ 65 § 83 $ 60 § 60
$625 $575 $525 $535 $550 $575 $575
869 909 807 881 846 804 7%
5,263 4,530 4,243 4,246 4,199 4,116 3920
526 453 424 425 420 412 393
39,522 43,599 47,418 51,240 55,018 58,723 62,259
4,458 4572 4,778 4933 5,047 5,403 5,444
21,335 25,454 29,808 34,316 38,944 43935 48,986
18,187 18,145 17,610 16,924 16,075 14,788 13272
12.0% 11.0% 105% 10.0% 9.5% 95% 9.0%
1.7% 1.0% 10.9% 10.6% 10.4% 10.7% 105%
14% 10% %% 8% ™% ™% 6%
14% 1% 10% % 8% % 6%
24% 21% 18% 17% 16% 15% 14%
$ 03§ 033 $ 0318 028 $ 026 § 024 § 022
$ 0258% 0208 018§ 016 § 014 § 013 § 0.
12,964 14,798 15,459 16,158 16,648 16,520 16,684
17422 19,370 20,238 21,091 21,695 21923 2,129
$367 $348 $340 $332 $326 $322 $316
34.0% 35.8% 352% 34.8% 34.3% R8% 22%
45.6% 46.8% 46.0% 45.5% “.7% 43.5% 42.7%

CAGR

10.7%
5.2%
12.9%

9.2%
6.5%
11.3%

11.0%

1.7%
4.0%
1.7%

1.7%

0.9%
13.9%
0.7%
5.1%

13.1%
10.1%
18.4%

3.8%

18.8%
16.4%
4.6%
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Table 7

Cellular industry Free Cash Flow Model contrwed

1995E 1996 E 1997 E 1998 E 1999 E 2000 E 2001 E 2002 € 2003 E 2004 E|CAGR

Operating Cash Flow 1,018 10,740 14,738 17,422 19,370 20,238 21,001 21,695 0,93 2,129 | 18.4%
- Depreciation 2,728 3475 4,027 4,458 4,572 4,778 4,933 5,047 5,403 5444 | 10.1%
= Unlevered Pretax Income 4,348 7,265 10,709 12,984 14,798 15,459 16,158 16,648 16,520 16,684 | 19.8%
- Taxes @ 6% 1,565 2,616 3,855 4,667 5,327 5,565 5,817 5,993 5,947 6,008

= Unievered Net income 2,783 4,650 6,853 8,297 9411 9,694 10,341 10,655 10,573 10,678 | 19.8%
+ Depreciation 2,728 3475 4,027 4,458 4,572 4,778 4,933 5,047 5,403 5444 | 10.1%
- Capital Expenditures 6,282 6,483 5,710 5,263 4,530 4,243 4,248 4,199 4,116 3929| 0.7
- Increase in Working Capital 7 353 263 202 161 128 121 109 92 74

= Unievered Free Cash Flow (1,088) 1,208 4,908 7,290 9,351 10,301 10,907 11,394 11,768 12,119 NM
Growth of Unievered net income 58.2% 67.1% 4T% 21.1% 14.2% 4.5% 4.5% 3.0% 0.8% 1.0%

Growth of Caplial Expenditures 49.2% 3.2% -11.9% -7.8% -13.9% €.3% 0.1% 1.1% -2.0% -4.5%

Growth of Unievered free cash flow 83% -218% 281% 49% 28% 10% 6% 4% 3% 3%
8
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Table 8
Cellular industry Net Present Value Summary
$ in mhions, except per-POP prices

Unievered Atter-Tax Free Cash Flows
Year FCF % Chng . Yoar FCF % Chng
1995 $ (1,088) - 2000 $ 10,301 10%
1996 $ 1,288 218% 2001 $ 10,907 6%
1997 $ 4908 281% 2002 $ 11,304 4%
1998 $ 7.2% 49% 2003 $ 11,768 3%
1998 $ 9,351 28% 2004 $ 12119 3%
Discount |  Growth Rais of Terminal Free Cash Flow
Rates 5% % % % Most Reasonable Valuation Range
NPV of Cash Flows 120% |$ 36389 § 36389 § W38 § 36389
Through 2004 12.5% 35,352 35,352 35,352 35,352
13.0% 34,352 34,352 34,352 34,352 Steady State Growth: 6.0% 7.0%
13.5% 33,387 3387 - 33,387 33,387
14.0% 32457 32,457 32,457 32,457 Discount Rate: 13.0% 13.0%
NPV of Teminal 120% ($ 58531 § 68,937 $ 83504 $ 105356 Implied intrinsic value:
Value 12.5% 52,248 60,861 72,606 89,570 Total vaive (mil.) 88,415 98,020
13.0% 48,859 54,083 63,688 77,116 Total value perPOP  § 172 § 190
13.5% 42,198 48279 56,232 67,078
14.0% 38,139 43315 49,970 58,844
Temminal Value 12.0% 82 9.7 11.7 148
As a Multiple 12.5% 7.7 8.9 10.7 13.1
of Terminal OCF 13.0% 72 83 98 11.8
13.5% 6.8 17 9.0 108
14.0% 64 73 84 9.9
Private Market 120% |$ 94920 § 105325 $ 119,893 § 141,744
Enterprise Value 12.5% 87,601 96,213 107,957 124,921

13.0% 81,211 88,415 98,020 111468
13.5% 75,585 81,667 89,620 100,465
14.0% 70,596 78,172 82,427 91,300

Enterprise Value 120% {$ 184 § 204 § 233 § 275
Per POP 12.5% 70 187 210 242
13.0% 158 172 190 216
13.5% 147 159 174 195
14.0% 137 147 160 177
Enterprise Value 12.0% 134 149 16.9 20.0
As A Multiple 12.5% 124 136 153 17.7
Of 1995 OCF 13.0% 15 125 13.9 15.8
13.5% 107 15 127 142
14.0% 10.0 10.7 116 129
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$500 per net new subscriber. The addition of ca-
pacity-enhancing technology and the need
continuously to improve service quality and choice
will keep spending high. Witness the long-distance
industry, where increasing capex is a must to main-
tain share.

In Table 8, we summarize our net present value
analysis of the cellular industry. We conclude that
on average (urban, rural, etc.), the U.S. cellular in-
dustrys is worth $172-190 per POP, or a total
enterprise value of $88-98 billion dollars. Note that
a significant majority of the total value is derived
from free cash flows coming after 2004, namely the
terminal value in our table. The implication of the
back-end-loaded cash flow pattern is that values are
extremely sensitive to discount and long-term
growth rates.

PCS Bidding Methodology

Bidders in the PCS auction went through a process
similar to our cellular valuation—but in excruciat-
ing detail—to estimate how high they could bid for
spectrum. We have seen some of these models, and
the number of inputs is truly staggering. One actu-
ally had detail down to the janitor’s 401(k)
contribution! Table 9 presents a partial list of vari-
ables to be forecast by a bidder. Once the bidder has
worked up these estimates, it calculates the net pre-
sent value of the free cash flows that it thinks it can
generate. That figure then becomes the most it will
pay for the license. If, for example, this amount is
$200 million for a particular MTA, and it bids that
much and wins, its return equals the discount rate,
provided the cash flow forecast is correct. If the
license is acquired for only $150 million, then the
potential rate of return will be above the discount
rate.

Every bidder comes to the auction with its maxi-
mum limit in mind. This is what makes it imperative
for companies to form consortia before the auction
starts. It is critical to know what one’s partner is
bringing to the table in terms of existing spectrum,
infrastructure, and distribution. These variables
must be run through the models to adjust the maxi-
mum bid level. If one’s partner has existing cell
sites or telephone poles that can lower the cost of a
build-out, the NPV of the license rises. If the part-
ner is a cable company or a utility, it may bring
fiber-optic cabling to the table, which will also
lower the costs of build-out.

This need to calculate a maximum bid value has
resulted in pretty tight control over information
leading up to the auction. Any leak might give away
an advantage that competitors can use in their
modeling to raise their bids. Secrecy has been
prevalent. In the narrowband PCS auction, the
companies set up “war rooms” with heavy security
to protect vital bidding strategies and computer
models. Game-theory experts were consulted to de-
vise strategies for outwitting opponents with feints
and parries for this market, then that. However,
once one cut through the gaming, the maximum bid
one calculated was what one had to stick to, unless
one was willing to accept lower rates of return.

A Framework for Valuing PCS Spectrum

Since the auction is still in progress, we do not yet
have a fixed data point on what the companies think
spectrum is worth, although we have a floor.
Therefore, we thought it would be a helpful exer-
cise to test the reasonableness of the current bids
and estimate what assumptions must be made to
arrive at the current prices. In the process, we have

Table 9

Partial List of Variables to Be Forecast by a PCS Bidder

markel demand interconnect charges tax rates

population density speed of buiid-out handset costs
population growth technology standard used marketing costs
market share size of cells cost of capital
products offered number of cetis debt-to-equity ratio
number of subscribers cost per cell infrastructure synergies
pricing plans number of employees competitive pressures
minutes of use neighborhoods buitt out first efc. efc .efc.
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Table 10
PCS Discounted Cash Flow Analysis
$ in millions, except per-POP prices
l 1995 1996 1987 1998 1999 2000 2001 2002 2003 2004

Population (000) 260,000 262,600 265226 267,878 270,557 273,263 275,985 278,755 281,543 284,358

Coverags Percentage 10% 20% 40% 80% 80% 82% 84% 86% B8% 90%

Covered Populstion 26,000 52,520 106,080 160,727 216446 224,075 231,836 239,729 247,758 255922

Penetration Rate 0.0% 0.5% 0.3% 1.4% 2.4% 3.6% 53% 74% 9.6%

Subscribers (000) - 252 891 2,314 5,195 8,067 12,241 17,836 23,785 30,711

Net Additions - 252 638 1,423 2,880 2,872 4174 5,595 5940 6.926
Growth in Subscribers 254% 160% 124% 55% 52% 46% 3% 29%

ARPU. $ - $ 5000 $ 4813 $ 4625 $ 4438 § 4250 $ 4063 $ 3875 $ 36.88 (8 35.00

Reyenues (millions) - 76 330 880 1,908 3,382 4,950 6,993 9,209 11,444
Growth In Revenuves 3%6% 180% 125% 89% a45% 41% 2% 4%

OCF Margin -100% ~40% -20% 0% 15% 25% 35% 40%

OCF (miliions) (75) {76) (132) (178) . 502 1237 2448 3683 5150
Growth In OCF 146% % 0% “@%
Operating Cost per Avg Sud $ 1200 § 809 § 666 § 58 3 44 3 386 § N2 § 26 § 3

Capex Per Addt'l Covr'd POH § 20]$ 208% 208% 20% 208% 208$ 208 209§ 208 20

Capex Per Net Add $ §00|S 472 § 444 § 417 $ 389 § 361 § 333§ 306 $ 2788 280 |

Capital Expenditures 520 649 1,355 1,686 2,234 1,190 1,547 1,867 1,813 1,885
Copex Per net Add $ 25m s 21218 118 8 776 S 414§ ST $S 4§ 05 $ 2

Total Capitai Investment 520 1,168 2,525 4,211 6,445 7,635 8,181 11,040 12,862 14,757

Depreciation - 167 361 602 921 1,091 1,312 1,504 1,670 1,747

Accumuiated Depreciation - 167 528 1,129 2,050 3,141 4,452 5,956 7,627 9,374

Net Capital investment 520 1,002 1,897 3,081 4,385 4484 4,728 5,002 5,235 5,382

Spectrum Amortization 686 686 686 686 686 686 886 686 686 686

Free Cash Flow (321) (391)  (1.083) (1,336) (1,656) (229) (36) 487 1,302 22n
Growth in Free Cash Flow 2% 172% _26% 4% 6% % -1487% J88%

VALUATION MATRIX
Average Nationwide
Enterprise Value - Terminal FCF Growing at: Per-POP Value for 30 MHz MTA:
6% 7% 8% 6% 7% 8%
WACC WACC
1% 15,171 19,622 27,040 1% 17.51 22.64 31.20
12% 11,107 13,844 17,950 12% 12.82 15.87 20.71
13% 8,304 12,635 13% 9.58 14.58
14% 6,281 7531 9,199 14% 7.25 8.69 10.61
15% 4,773 5,672 6,828 15% 5.51 6.54 7.88
Average Nationwide
Enterprise Vaiue - OCF Exit Multipie of: Per-POP Value for 30 MHz MTA:
6.0 8.0 10.0 6.0 8.0 10.0
WACC WACC
11% 9,053 12,680 156,308 1% 10.45 14.63 18.82
12% 8,104 11,421 14737 12% 9.35 13.18 17.00
13% 7,248 13,317 13% 8.36 15.37
14% 6,478 9,256 12,034 14% 7.47 10.68 13.89
15% 5,782 8,328 10,874 15% 6.67 9.61 12,55
41
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developed some sensitivity tables to use as a handy
reference to track the bidding and see the implied
assumptions needed to justify the bids.

The bidding for the A and B blocks is just over $5.5
billion dollars in total as of this writing. Add an-
other $500 million that the Pioneers’ Preference
awardees must pay for their three markets, and we
arrive at around $6 billion bid to date. While the A
and B blocks represent 60 MHz of spectrum, or
50% of the total being auctioned, we hypothesize
that these blocks represent more than half of the
value. There are several reasons for this:

First and foremost, the biggest players in telecom-
munications will have virtually all the spectrum they
want from the A and B auctions. Charts 1-3 show
the potential combined cellular-PCS footprints of
the three top national consortia. They are basically
complete. Second, the winners of the As and Bs will
probably capture the majority of the market share of
PCS. Third, if one buys the argument that CDMA,
or digital technology in general, has great capacity,
the big players may not need the 10 MHz blocks
still to be auctioned. Fourth, the remaining licenses
are somewhat less appealing due to their smaller
geographic size and narrower bandwidths. Finally,
40 of the remaining 60 MHz are reserved for Desig-
nated Entities, which are smaller, less well-heeled
players that probably cannot afford to bid very high
for the remaining licenses. If we assume that the A
and B blocks together are worth 50% more than the
remaining blocks combined, we get a 60/40 split in
the relative values. Therefore, we hypothesize that
the $6 billion bid to date indicates a total value of
about $10 billion for all 120 MHz.

In Table 10, we show a skin-and-bones discounted
cash flow model that uses the same primary value
drivers as our cellular model to back into some as-
sumptions that would justify the $10 billion figure.
We present this as an intuitive framework for a
sanity check on these prices. The reader should un-
derstand that the simplicity of the model has its
weaknesses. For one, we do not try to distinguish
between the types of service likely to be offered,
namely “me-too” cellular or local loop replacement.
Second, the vast majority of the enterprise value is
generated in the years after 2004. We attempt to
capture this by calculating a terminal value using a

multiple of operating cash flow. We use an 8 times
multiple for all the cases, since in our base-case
scenario, this multiple roughly equates to a 7%
long-term growth rate in free cash flows. This is
about as high a growth assumption as we dare to
make, given the likely competitive nature of the in-
dustry in ten years.

We start with the total U.S. population of 260 mil-
lion, then multiply by the percentage covered by a
1900 MHz signal. Population coverage ramps up
quickly as cities are built out, then slows by the year
2000 as less densely settled areas are covered.
(Cellular coverage also progressed in this fashion.
Ten years into cellular’s existence, population cov-
erage is in the high-90% range.) We then multiply
by the penetration rate of PCS into the covered
population. Our base assumptions are that PCS will
achieve a 12% penetration of the covered popula-
tion, or 10.8% of the total population. This gives
around 30 million subscribers. Average revenue per
user is then multiplied by average subscribers to get
total revenues. We assume ARPU will start around
$50, underpricing cellular, and then decline to $35
as it targets the landline customers of the local ex-
change carriers. Operating cash flow is derived by
estimating an OCF margin, and multiplying by total
revenue. Margins start negative, then rise to 45% in
2004, a level achieved by mature cellular operators
ten years into their existence.

Capital expenditures are estimated using two crite-
ria. The first is a dollar amount per additional
covered pop. This factors in certain basic costs that
are needed just to prepare the backbone of a system,
regardless of the number of customers. For exam-
ple, this might include such items as land, towers,
fiber and microwave links, switches, interconnection
facilities, computer systems, and the like. In the
early years, this factor dominates the capex budget.
The second criterion is a dollar amount per sub-
scriber addition. This covers additional cell sites,
microcells, customer support facilities, working
capital, etc. This factor dominates the capex budget
in the later years. The result of our base-case inputs
is that capex per net add starts at about $2,600,
then declines to around $275 in ten years.
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Table 11
PCS Scenarios: Four Ways to $10 Billion
$ in millions v
Variables:;
Penetration 2004 12.0% 30.0% 10.0% 12.0%
ARPU 2004 $ 3500 8 27 $ 5000 $ 5000
Margin 2004 45% 45% 3% 36%
Capex Additional Covrd POP $ 20 % 20 § 10 § 20
Capex Per Net Add 1995 $ 500 § 500 $ 500 $ 500
Capex Per Net Add 2004 $ 250 § 500 § 200 § 500
Result:
NPV - 7% FCF Growth 10,109 (15,451) 11,814 3,252
NPV - 8x OCF Exit Muttiple 10,283 10,283 10,283 10,283
Note how all four
scenarios produce a
$10.283 billion NPV.
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From the capex figures, we calculate annual depre-
ciation using a seven-year average life of capital
equipment. We assume that the $10 billion purchase
price of spectrum will be amortized over 15 years,
straight line, and that taxes are 36%. We now have
all the information to calculate free cash flow. To
produce the $10 billion base-case figure, we take
the net present value of the free cash flows. The
valuation matrix below the table shows the sensi-
tivities of net present value to discount rates and
terminal value calculations.

The average nationwide per-POP value for an MTA
is derived by multiplying the total NPV by 60%, the
estimate of how much the MTAs represent of the
tota] value of PCS. We then divide by two, since
there are two MTAs, then divide by 260 million
POPs in the entire United States. Clearly, there is a
great divergence about this average, as some MTAs
are regarded as better than others.

Another way to interpret the valuation matrix is the
following: If the bidders pay $10.283 billion, and
the free cash flows come through as projected, the
PCS opportunity will produce a 13% return on in-
vested capital. If bidders pay more than that,
without getting higher free cash flows, the return
will be below 13%. If they pay the $10 billion, and
the cash flows are higher than our base case, the
return on capital will be greater than 13%.

Interpretation of the Framework

The framework should be understood as a tool for
scenario analysis, not as the definitive answer to
the exact value of PCS spectrum. In Table 11, we
show how four different sets of inputs can give the
same $10 billion answer. Each of these scenarios
represents a different vision for the future of PCS
and wireless. Base case B assumes massive pene-
tration of 30% through a low-price strategy.
Maintenance of 45% margins is assumed, but higher
capital expenditures eat up the increased revenue. In
base case C, low penetration of 10% is mitigated by
higher ARPU at $50 and a lower cost per net add to
build out the system In base case D, penetration is
12%, but high monthly prices are offset by lower
margins and higher capex. What we are trying to
illustrate is that a single-point NPV is a function of
many variables. In this case, one can think of a
four-dimensional matrix of variables that all arrive

at the same NPV. In reality, the matrix has hun-
dreds of dimensions that must all be assumed to
arrive at an NPV,

We show the resulting NPV using two methods of
calculating terminal value. It is important to note
that the high-capital-expenditure scenarios, B and
D, crush the NPV using the growing-perpetuity
methodology of calculating terminal value. This
points up a weakness in the OCF-multiple method,
since it ignores the capital needed to derive the reve-
nue and operating cash flow. When the NPVs from
the two methods are fairly close, as in cases A and
C, we have more confidence in the values derived.
When they diverge, we have less confidence. The
conclusion is that there is a huge amount of lever-
age in PCS values attached to the capital costs to
build out the networks.

Sensitivity of Spectrum Vaiue to Changing Assumptions
In Table 12, we provide four sensitivity tables to
allow the reader to track the bidding as it moves
along. The tables show the NPV (using the 8 times
OCF terminal value) of the entire 120 MHz of PCS,
by holding the base case A assumptions constant,
and changing only the two indicated variables. The
line through the table represents the $10 billion
value we estimate from the current level of bidding
on the MTAs.

In the first table, ARPU and penetration are varied.
The $10.283 billion value for base case A is repre-
sented at the intersection of the $35 ARPU column
and the 12% penetration row. If bidding on the

MT As progresses to $10 billion, our logic implies a
$16 billion total value for PCS. Referring to the
table, we can see that this is justified by several sce-
narios—$30 ARPU and 22% penetration, $50
ARPU and 12% penetration, and so on. From the
second table, we see that a $16 billion total can also
be justified by raising ARPU to $40, and increasing
the OCF margin in the year 2004 to 55%, assuming
penetration is fixed at 12%.

Another way to use these tables is to estimate the
upside potential from a given bid. Let us say, for
example, that $10 billion is the final figure for the
spectrum. If it comes to pass that penetration goes
to 18% and ARPU levels to $45, then the realized
value of the spectrum will be $22.165 billion, an
increase in value of $12 billion! Another way to
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Table 12
PCS Valuation Sensitivity Analysis
§ in miflions
Average Revenus Per User in 2004
$ 2000 $ 2500 § 30.00 $ 3500 $ 40.00 § 45.00 $ 50.00
6% 1,484 2,512 3,539 4,567 5,594 6,622 7,648
% 8% 2,362 3,732 5,102 6,472 7,842 9,212] 10,582
£ 10% 3,240 4,953 6,665 8378 10,090 11,803 13,515
5 12% 4118 6,173 8,228 | 10,283 12,338 14,393 16,448
B 14% 4,996 7,384 9,781 12,189 14,586 16,984 19,381
‘g 16%] 5874 8614 11,354 14,094 16,834 19574 22,314
a 18% 6,752 9,835 12917 16,000 19,082 22,165 25,247
20% 7,630 11,055 14480 17,905 21,330 24,755 28,180
22% 8,508 l 12,276 16,043 19,811 23578 27,345 31,113
Average Revenue Per User in 2004
$ 20.00 $ 2500 § 30.00 § 3500 $ 40.00 $ 45.00 $ 50.00
- 25% 207 1,348 2,488 3,629 4,769 5,910 7,050
s 30%| 1,185 2,554 3923 5292 6662 8031 9400
5 35% 2,163 3,761 5,358 8,956 8,554 10,151 l 11,749
® 40% 3,141 4,967 6,793 8,620 | 10,446 12,272 14,099
> 45% 4,118 6,173 8228 | 10,283 12,338 14,393 16,448
s 50% 5,096 7,380 9663 | 11,947 14230 16,514 18,798
o 55% 6,074 8586} 11,098 13,611 16,123 18,635 21,147
Terminal Vaiue Based on a 8x OCF Muitipie
Capex Per Net Add in 2004
$ 150 § 200 $§ 250 $§ 300 $ 350 $ 45 $ 500
6% 4,935 4,751 4,567 4,383 4,199 3,830 3,646
= 8% 6,963 6,718 6,472 6,227 5,981 5,490 5,245
% 10% 8,992 8,685 8,378 8,071 7,764 7,150 6,844
'§ 12%] 11,020 10,652 10,283 ] 9,915 9,547 8,810 8,442
i 14%| 13,048 12618 12,188 11,759 11,330 10,470 | 10,041
= 16%| 15,076 14,585 14,094 13,603 13,112 12,130 11,639
E 18%] 17,104 16,552 16,000 15447 14,895 13,790 13,238
20%{ 19,133 18,519 17,805 17,291 16,678 15,450 14,837
22%| 21,161 20,486 19,811 19,136 18,460 17,110 16,435
Terminal Value Basad on a Growing Perpstuity
Capex Per Net Add in 2004
$ 150 § 200 § 250 $ 300 $ 350 $ 450 $ 500
6% 6,985 6,044 5,104 4,163 3,223 1,342 402
8%| 9,280 8,026 6,772 5,518 4,264 1,756 502
é 10%| 11,575 l 10,008 8,440 6,873 5,306 2,171 603
£ 12%] 13,870 11,990 10,109 8,228 6,347 2,585 704
% 14%] 16,166 13,971 11,777| 9583 7,388 3,000 805
& 16%] 18,461 15,953 13,445 10,937 8,430 3414 906
? 18%| 20,756 17,835 15,114 12,202 9,471 3,828 1,007
e 20%] 23,051 19,917 16,782 13,647 10,512 4,243 1,108
22%| 25,347 21,898 18,450 15,002 11,554 4,657 1,209
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look at these is to first estimate where one thinks
ARPU, penetration, margins, or capex will end up,
then look up the implied value one would pay for
spectrum. If one can get it more cheaply than the
NPV shown on the table, the returns will exceed the
13% cost of capital. By now, the idea should be
clear.

The last two tables show the sensitivity of NPV to
changes in capital expenditures per net additional
subscriber and changes in penetration rate. The first
table calculates NPV using a terminal value of 8
times operating cash flow in 2004. The second

uses the traditional growing-perpetuity formula of
CF/(r-g), where CF is the free cash flow in 2004, r
is the 13% discount rate, and g is the assumed 7%
long-term growth rate in free cash flow. As we dis-
cussed above, the weakness of using a multiple of
operating cash flow is that it ignores the effects of
capintal expenditures necessary to maintain the busi-
ness. The reason we do not abandon this method
entirely is its prevalence and popularity in the in-
vestment community as a shorthand methodology
for valuation.

The weakness rears its ugly head in these two ta-
bles. The $10 billion line is almost straight across in
the table using an OCF multiple, whereas it drops
sharply 1n the table using a growing-perpetuity for-
mula for terminal values. Which one makes more
intuitive sense? To us, the answer is clear. Ina
capital-intensive business such as telecommunica-
tions, in which the fixed assets dominate the balance
sheet, there should be huge leverage to capital ex-
pended. Herein lies one of the most salient
conclusions we can draw at this stage of the game.
Capital expenditures per net subscriber added to a
PCS network must come down substantially from
where they are in cellular today (3500), or the
economics of the business decays precipitously.

Other Valuation Considerations

We think that the key inputs to our model are the
primary dnivers of net present value. However, what
must be borne in mind is that this model derives
broad theoretical averages for spectrum values.

There are subtle market- and company-specific
considerations that can and do affect the bidding for
spectrum. For the big telecommunications concerns
involved in the bidding, there are impacts to their

core businesses that could materially affect the
worth of PCS spectrum. For example, a local ex-

change company may worry that the growth in its

wireline franchise can slow if it does not get intg the

wireless business. There may be a cost to doing-

nothing. This could impel that company to
_for spectrum in its home market than a player com-

ing from the outside.
\———'-—’

A wireline player employing wireless local loop
applications in-region may be able to realize main-
tenance cost savings over copper loops. Ownership
of or access to existing infrastructure in a given re-
gion allows a bidder to pay more for spectrum than
someone without infrastructure. This includes dis-
tribution channels that can be leveraged to market
new PCS products. A bidder can choose to lease
capacity and resources from another entity, thereby
avoiding up-front capital expenditures, which can
lower the NPV. That bidder can also lower the risk
that its business plan does not work out as well as
envisioned. Relocation of microwave links that are
resident in the bandwidth being auctioned can also
greatly affect the price of PCS spectrum. In some
markets, the cost of relocation in terms of dollars
and delay in getting to market can rival the cost of
the spectrum itself.

Strategy-specific considerations can govern the
price of spectrum in a particular MTA or BTA.
Take Chicago, for instance. The three entities pursu-
ing national strategies—AT&T, PCS PrimeCo, and
WirelessCo—do not own spectrum in Chicago, but
all think that Chicago is imperative to assembling a
national footprint, so the bidding in that city has
been the most spirited of any MTA, and currently
stands near $30 per POP. The added value of hav-
ing a national footprint may be applied to the
Chicago MTA, over and above its NPV on a stand-
alone basis. On the other side of the coin is San
Francisco. AT&T and PCS PrimeCo have cellular
spectrum already, so only WirelessCo needs spec-
trum. Along with Pacific Telesis, which is focused
in-region, they seem to have been able to minimize
the intensity of the bidding for the two San Fran-
cisco licenses, which had been unchanged at $10-11
per POP since the thirty-third round of the auction,
until Craig McCaw topped it in round 76. (Hence,
the danger of writing this piece in the midst of the
auction.)
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Finally, differences in the cost of capital among
firms can have a great impact on the bidding levels.
The big players bidding for the MTAs have sizable
revenue and income streams from core businesses
with which to support debt ratings. This makes for
lower capital costs and higher perceived NPVs of
spectrum. Among the Designated Entities, the op-
posite is true. Many will be pure PCS plays, funded
with venture-capital equity. The government financ-
ing available to DEs in terms of bidding credits,
lower down payments, and installment payments
will help mitigate the higher equity costs, but differ-
ences among players will affect how high they will
bid.

Lessons for PCS, Think Long Term

For investors, the most important lesson that can be
drawn from valuations for PCS is that extremely
long time horizons are needed to understand the
values being paid today for spectrum. In the near
term, the tangible effects of PCS will be negative
free cash flows and higher interest and depreciation
expenses. These symptoms can have a negative per-
ceptual effect on the stocks of companies with PCS

investments, since many shareholders focus on
short-term earnings results. Focusing short term is a
mistake in evaluating a PCS investment. One must
forecast long-term volume, pricing, and margins to
justify investing in PCS today. We are the first to
admit that making such forecasts is more art than
science.

Investors should bear in mind that the future PCS
business of the companies now bidding will be
dwarfed by their basic telephone, cable, and cellular
holdings. These are not pure plays on PCS. If one is
a conservative investor, these companies will give
some exposure to the upside of PCS. If one wants to
make a leveraged bet on PCS, the companies that
participate in the DE auctions may represent better
opportunities, since a greater proportion of their
holdings will be made up of PCS licenses. However,
many are still in the venture-capital stage of evolu-
tion. It will be a few years before IPOs provide

a universe of pure PCS plays for the public to
invest in.

N.B.: CS First Boston Corporation has, within the last three ysars, served as

a manager of co-manager of a public offering of securities for or makes a
primary market in issues of any or alt of the companies mentioned.
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Table 13

Companies Mentioned in this Report with Current CS First Boston Ratings

ciosing price 2/16/85

AirTouch Communications ATl Not Rated 2T
Ameritech Corp. AT Hold 417
ATAT T Strong Buy 502
Bell Atiantic Corp. BEL Hoid 521s
BeliSouth Corp. BLS Buy 58/
Cable & Wireless CWP Hold 18
Comcast CMCSA Buy 1594
Cox Cable COox Buy 167/
Ernicsson ERICY Hold 567/s
GTE Corp. GTE Buy 3
LIN Broadcasting Corp. LINB Hold 129t
MC! Communications Corp. MCIC Strong Buy 192
MFS Communications Corp. MFS Not Rated 3512
Nextel Gommunications Inc. CALL Not Rated 12
NYNEX NYN Buy 3838
Pacific Telesis Group PAC Buy 299
Quaicomm Inc. : QCOM Not Rated 254
SBC Communications SBC Buy 4114
Sprint Corp. FON Buy 205
US West inc. - Usw Hold 3794
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